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FOREWORD 


The  simplest  method  for  determining  the  amount  of  food  a  soldier 

REQUIRES  IS  TO  PROVIDE  HIM  WITH  SUFFICIENT  FOOD  TO  MAINTAIN  A  CONSTANT 
WEIGHT  AND  TO  MEASURE  THE  CALORIES  CONSUMED.  MANY  OF  THE  ESTABLISHED 
REQUIREMENTS  FOR  CALORIES  HAVE  BEEN  DERIVED  FROM  THIS  SIMPLE  APPROACH. 

When,  however,  a  loss  in  weight  occurs  despite  more  than  adequate  avail 

ABILITY  OF  FOOD,  CALCULATIONS  MUST  BE  MADE  OF  THE  CALORIES  WHICH  THE 
BODY  ITSELF  HAS  SUPPLIED  IN  TERMS  OF  TISSUE  BREAKDOWN  AND  THE  FINAL 
ESTIMATE  OF  CALORIC  REQUIREMENTS  MUST  BE  CORRECTED  ACCORDINGLY.  SUCH 
CORRECTIONS  REQUIRE  A  RATHER  PRECISE  KNOWLEDGE  OF  HOW  MANY  CALORIES  THE 
BODY  TISSUES  HAVE  PROVIDED,  I.E.,  THE  CALORIC  DENSITY  OF  THE  WEIGHT  LOST 
THE  PRESENT  REPORT  PROVIDES  VALUES  WHICH  MAY  BE  USED  FOR  THIS  PURPOSE 
WITH  REASONABLE  CONFIDENCE. 
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ABSTRACT 


Two  GROUPS  OF  6  MEN  EACH  LIVED  FOR  l4  DAYS  IN  A  COLD  CHAMBER  AT 

6o°F  (15.6°C);  activity  was  sedentary  and  only  athletic  shorts  were  worn. 
During  this  period  one  group  (A)  was  semi -starved  (600  kcal/day)  and  the 

OTHER  (B)  WAS  COMPLETELY  STARVED  (0  KCAl/dAy).  CHANGES  IN  BODY  COMPOSI¬ 
TION  WERE  MEASURED  AND  CALORIC  DENSITY  OF  WEIGHT  LOSS  WAS  CALCULATED. 

Mean  weight  loss  was  5 .66  kg  for  A,  and  8.56  kg  for  B^  Composition  and 

CALORIC  DENSITY  OF  WEIGHT  LOSS  WAS  ALMOST  IDENTICAL  FOR  BOTH  GROUPS. 

Composition  of  weight  loss  with  regard  to  fat,  protein,  and  water  was: 

39,  10,  and  51$  for  A;  39j  1 1 >  and  for  B.  Caloric  density  was  3.91 
kcal/gm  for  A  and  4.06  kcal/gm  for  B. 


COMPOSITION  AND  CALORIC  DENSITY  OF  WEIGHT  LOSS  DURING 
CALORIC  RESTRICTION  IN  THE  COLD 


1 .  I NTRODUCT I  ON 

Estimates  of  man's  daily  caloric  requirements  may  be  made  with  reason¬ 
able  VALIDITY  IF  THE  BODY  COMPOSITION  AND  WEIGHT  DO  NOT  CHANGE  DURING  THE 
EXPERIMENTAL  PERIOD.  THIS  MAY  BE  DONE  SIMPLY  BY  CAREFUL  MEASUREMENT  OF 
DAILY  CALORIC  INTAKE.  I  F,  HOWEVER,  CHANGES  IN  BODY  WEIGHT  ANd/oR  COMPO¬ 
SITION  OCCUR,  CORRECTIONS  MUST  BE  MADE  FOR  THE  CALORIC  EQUIVALENT  OF  THE 
TISSUE  EXCHANGES.  VALUES  FOR  THE  CALORIC  EQUIVALENT  OF  WEIGHT  CHANGES 
HAVE  BEEN  REPORTED  WHICH  RANGE  FROM  2.5  TO  6.2  OR  MORE  KCAl/gM  (l,  2). 

This  variability  indicates  that  appreciable  uncertainties  may  attend  calcu¬ 
lations  of  caloric  requirements  when  large  changes  in  weight  occur. 

An  opportunity  was  presented  recently  to  measure  changes  in  body 
composition  and,  thus,  to  calculate  values  for  the  caloric  equivalent  of 

THE  WEIGHT  LOST  DURING  TWO  STUDIES  IN  WHICH  MEN  WERE  FED,  RESPECTIVELY, 

600  AND  0  KCAl/dAY  FOR  l4  DAYS.  THIS  REPORT  PRESENTS  THE  RESULTS  OF  THESE 
STUDI ES. 

2.  Experimental  design  and  methods 

Two  studies  were  performed.  In  the  first  (Study  A),  6  young  men 

LIVED  IN  A  CHAMBER  MAINTAINED  AT  60°F  (l5»6°C)  FOR  2  WEEKS.  AlR  MOVEMENT 
WAS  APPROXIMATELY  40  Ft/mINJ  RELATIVE  HUMIDITY  WAS  $0% .  DURING  THIS 
PERIOD  THEY  WERE  NUDE  EXCEPT  FOR  COTTON  SHORTS  AND  SOCKS  AND  WERE  ENGAGED 
ONLY  IN  MINIMAL,  SEDENTARY  ACTIVITY,  E . G . ,  C ARD -PL  AY  I NG,  READING,  WRITING, 

watching  TV.  Each  subject  was  permitted  one  Army  woolen  blanket  during 
the  night.  Caloric  intake  was  restricted  to  600  kcal/man/day.  This  was 
in  the  form  of  a  milk  drink  served  in  equal  portions  3  times  daily.  The 
composition  of  this  drink  was  as  follows:  carbohydrate  4l$,  PROTEIN  17$, 
fat  42$,  caloric  density  1.2  kcal/gm.  The  experimental  period  was  preceded 
BY  2  WEEKS  AT  80°F  (26.7°C),  DURING  WHICH  TIME  SUFFICIENT  CALORIES  IN  THE 
FORM  OF  THE  ABOVE-MENTIONED  MILK  DRINK  PLUS  TOAST  AND  BUTTER  WERE  PROVIDED 
TO  MAINTAIN  BODY  WEIGHT.  DURING  THIS  CONTROL  PERIOD  A  MULTI-VITAMIN 
SUPPLEMENT  WAS  GIVEN  MORNING  AND  EVENING. 

IN  THE  SECOND  (STUDY  B) ,  ALL  CONDITIONS  WERE  IDENTICAL  WITH  THOSE 

of  Study  A  except  that  during  the  cold  period  no  calories  were  provided, 

I  .E.-,  COMPLETE  STARVATION  PREVAILED.  IN  STUDY  B  THE  TEST  SUBJECTS  WERE  6 
MEN  WHO  WERE  NOT  INVOLVED  IN  STUDY  A. 

The  mean  ages  of  the  2  groups  were  19*7  AND  21.2  years  and  the  mean 

WEIGHTS  WERE  69*3  AND  70*3  *G>  RESPECTIVELY.  WATER  WAS  PERMITTED  AD 
LIBITUM,  AND  4  CUPS  OF  HOT  COFFEE,  WITHOUT  CREAM  OR  SUGAR,  WERE  SERVED 
DAILY  IN  BOTH  STUDIES. 


Body  specific  gravities  of  the  test  subjects  were  determined  on  the 

DAY  PRECEDING  AND  AGAIN  ON  THE  DAY  FOLLOWING  THE  2  WEEKS  OF  CALORIC 

restriction.  This  was  determined  by  weighing  the  test  subjects  in  air 

AND  WHILE  COMPLETELY  SUBMERGED  IN  WATER,  USING  A  WATER  TANK  SIMILAR  TO 
THAT  DESCRIBED  BY  VON  DBbELN  (3)  AND  CORRECTING  FOR  RESIDUAL  LUNG  VOLUME 
BY  NITROGEN  DILUTION  AS  DESCRIBED  ELSEWHERE  (4).  FROM  THESE  DETERMINA¬ 
TIONS  THE  BODY  FAT  CONTENTS  OF  THE  TEST  SUBJECTS  WERE  CALCULATED.  NITROGEN 
BALANCES  WERE  DETERMINED  AND,  FROM  THE  CUMULATIVE  NEGATIVE  BALANCE,  THE 
AMOUNT  OF  FAT-FREE  TISSUE  LOST  WAS  DETERMINED.  NUDE  BODY  WEIGHTS  WERE 
DETERMINED  EACH  MORNING  AFTER  THE  TEST  SUBJECTS  HAD  VOIDED. 

From  the  measurements  described  above  it  was  possible  to  calculate 

THE  RELATIVE  CONTRIBUTIONS  OF  FAT  AND  PROTEIN  TO  THE  TOTAL  WEIGHT  LOSS 
OVER  THE  PERIODS  OF  CALORIC  RESTRICTION,  AND  THUS  TO  CALCULATE  THE  CALORIC 
EQUIVALENT  OF  THE  WEIGHT  LOST. 

3*  Results 


a.  Weight  loss 

Weights  at  the  beginning  and  end  of  both  studies  are  shown  in 
Table  I.  Mean  weight  losses  were  ^.66  and  8.56  kg  for  groups  A  and  B, 
respectively.  The  pattern  of  daily  weight  loss  was  similar  for  both  groups; 

AFTER  THE  FIRST  2  DAYS,  THE  DAILY  WEIGHT  LOSS  WAS  ESSENTIALLY  LINEAR  (FlG.  l). 

Thus,  during  the  last  12  days  Group  A  showed  a  daily  weight  loss  of  0.317 
kg/day  and  Group  B  lost  O.525  kg/day.  The  comparatively  large  weight  loss 
during  the  first  2  days  of  the  experimental  periods  (1.9  and  2.3  kg/man/ 
day  for  Studies  A  and  B)  will  be  discussed  below* 


Figure  1:  Daily  weight  loss  during  caloric  restriction 
in  the  cold  (means  of  6  men). 
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b.  Composition  of  weight  loss 

For  the;  purpose  of  this  report,  the  composition  of  the  weight  lost 

will  RF  EXPRESSED  IN  TERMS  OF  FAT,  PROTEIN,  AND  WATER.  FAT  AND  PROTEIN 
LOSSES  WERE  CALCULATED  FROM  CHANGES  IN  BODY  SPECIFIC  GRAVITY  AND  FROM  CUMU¬ 
LATIVE  NEGATIVE  NITROGEN  BALANCES,  RESPECTIVELY.  THE  DIFFERENCE  BETWEEN 
THE  TOT AL  WEIGHT  LOSS  AND  THE  SUM  OF  FAT  AND  PROTE I N  LOST  I S  HER t  T  RMED 
"WATER."  It  IS  REALIZED,  OF  COURSE,  THAT  A  MOIETY  OF  THIS  WATER  IS 
REPRESENTED  BY  ELECTROLYTES  AND  GLYCOGEN  STORES.  THE  ELECTROLYTES  REPRE¬ 
SENT  A  NEGLIGIBLE  FRACTION  OF  WEIGHT  LOSS  AND  PROVIDE  NO  CALORIES.  GLYCOGEN 
may  HAVE  ACCOUNTED  FOR  AS  MUCH  AS  150  GRAMS  OF  THE  WEIGHT  LOSS,  REPRESENTING 
A  TOTAL  OF  CALORIES  (5);  FAILURE  TO  TAKE  THIS  INTO  ACCOUNT  REPRESENTS 

AN  ERROR  OF  5$  OF  WATER  LOSS  IN  STUDY  A  AND  3*8$  IN  STUDY  B-  TABLE  SHOWS 

THAT  ALTHOUGH  THE  ABSOLUTE  AMOUNTS  OF  FAT,  PROTEIN,  AND  WATER  L0ST  'N  ^™>Y 

Here  smaller  than  in  Study  B,  the  contribution  to  the  total  weight  loss 

OF  EACH  OF  THESE  COMPONENTS  IS  REMARKABLY  SIMILAR  FOR  BOTH^STUDI ES .  39 /» 

AND  395?  FOR  FAT,  10J?  AND  11$  FOR  PROTEIN,  51$  AND  49$  FOR  WATER.  THESE 
VALUES  ARE  IN  CLOSE  AGREEMENT  WITH  THOSE  OF  BROZEK,  ET  AL  (5)  IF  THEIR 
VALUES  ARE  AVERAGED  FOR  A  12-DAY  PERIOD. 

The  total  amounts  of  protein,  fat,  and  water  lost  in  Studies  A  (And 
B  were:  protein,  O.52  kg  and  O.96  kg;  fat,  2-15  and  3.31  kg;  Watlr,  3-00 
AND  4.29  KG,  RESPECTIVELY  (TABLE  l). 

c.  Caloric  value  of  weight  loss 

Standard  values  for  the  caloric  equivalent  of  protein  (4.1  kcal/ 
gm)  and  fat  (9.3  kcal/gm)  were  used  in  calculating  the  calories  derived 
from  tissue  breakdown  (T able  II).  Thus  calculated,  fat  was  the  source^ 
90.3$  OF  the  calories  in  Study  A,  and  88.6$  of  those  in  5  • 

provided  9.7  and  11.4$  IN  Studies  A  and  B,  respectively.  It  is  interesting 
that  despite  the  fact  that  the  weight  loss  in  Study  B  was  51$  greater  than 
in  Study  A,  the  relative  contributions  offat  and  protein  were  quite  similar 

IN  BOTH  STUDIES.  THE  TOTAL  CALORIES  REALIZED  FROM  TISSUE  BREAKDOWN  (eXCLUD- 

I  no  glycogen)  was  22,131  kcal  in  Study  A  and  34,727  kcm .in  Study  B. 

CALORIC  DENSITY  OF  WEIGHT  LOSS,  CALCULATED  FROM  TOTAL  CALORIES  AND  WE  I GHT 
LOSS,  WAS  ESSENTIALLY  THE  SAME  FOR  BOTH  STUDIES,  STUDY  A  =  3-91  KCAL/GM, 

Study  B  =  4.06  kcal/gm  (Table  !!)• 

4.  Discussion 

The  assessment  of  caloric  density  of  weight  loss  is  complicated,  on 

THE  ONE  HAND  BY  DIFFICULTIES  IN  THE  TECHNIQUES  OF  MEASURING  THE  COMPOSI¬ 
TION  OF  THE  LOST  WEIGHT,  AND  ON  THE  OTHER  HAND,  BY  THE  FACT  THAT  THE  MIX¬ 
TURE  OF  TISSUES  WHICH  ARE  "CANNIBALIZED"  TO  SUPPLY  CALORIES  IS  NOT  nXED, 
BUT  VARIES  WITH  THE  DURATION  AND  SEVERITY  OF  CALORIC  RESTRICTION.  VALUES 
BASED  ON  ESTIMATES  OF  ENERGY  EXPENDITURE  ANd/oR  CALORIC  INTAKE  MAY  LEAD 
TO  LARGE  ERRORS  UNLESS  THE  INTAKES  AND  EXPENDITURES  ARE  ADEQUATELY  AND 
ACCURATELY  MEASURED  OR  CONTROLLED  DURING  THE  ENTIRE  EXPERIMENTAL  PERIOD, 
THIS  IS  INDEED  A  MOST  DIFFICULT  TASK.  IF  ESTIMATES  OF  CALORIC  DEFICIT 


3 


TABLE  I 

Composition  of  Weight  Loss  During  2  Weeks  of  Caloric  Restriction 
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TABLE  I  I 


Caloric  Density  of  Weight  Loss 


Group 


A 

—  B 

Total  Weight  Loss  (kg) 

5 .66 

8.56 

(a)  Protein  (kg) 

(b)  Fat  (kg) 

O.52 

2.15 

O.96 

3-3i 

Caloric  Equivalent  of  Protein  (kcal) 

2,136 

3,9^ 

Caloric  Equivalent  of  Fat  (kcal) 

19,995 

30,783 

Total  Calories 

22,131 

3^727 

Caloric  Density  of  Weight  Loss 
(kcal/gm) 

3*91 

4.o6 

ARE  BASED  ON  THE  DIFFERENCES  BETWEEN  CALORIC  INTAKE  DURING  A  PERIOD  OF 
"BODY  WEIGHT  MAINTENANCE"  AND  THE  INTAKE  DURING  THE  RESTRICTION  PERIOD, 

THE  ASSUMPTION  MUST  BE  MADE  THAT  ENERGY  EXPENDITURE  WAS  THE  SAME  FOR  BOTH 

periods.  This  assumption  is  not  correct  (6). 

The  more  direct  approach  is  to  determine  body  fat  content  before  and 

AFTER  A  PERIOD  OF  RESTRICTION  AND  AT  THE  SAME  TIME  CALCULATE  PROTEIN  BREAK¬ 
DOWN  FROM  THE  MEASURED  NEGATIVE  NITROGEN  BALANCE.  THIS  METHOD  WAS  USED 
IN  THE  PRESENT  STUDY  WHICH  HAS  THE  FOLLOWING  ADDITIONAL  ADVANTAGES: 

(a)  CONTROLLED  ACTIVITY,  WHICH  VARIED  MINIMALLY  DURING  ANY  GIVEN  DAY  OR 
FROM  DAY  TO  DAY j  ( b)  CONTROLLED  ENVIRONMENT;  (c)  MINIMAL  FECAL  PRODUCTION. 

Our  RESULTS,  AS  WELL  AS  THOSE  OF  OTHER  WORKERS  (5,  7)  SHOW  THAT  RELA¬ 
TIVELY  LARGE  AMOUNTS  OF  WATER  ARE  LOST  DURING  THE  FIRST  DAYS  OF  CALORIC 
RESTRICTION.  SINCE,  IN  THE  PRESENT  STUDY,  THE  MEN  WERE  EXPOSED  TO  COLD, 

THE  EARLY  WEIGHT  LOSSES  ARE  IN  PART  THE  RESULT  OF  COLD  DIURESIS.  IN  A 
SIMILAR  STUDY  WITH  ADEQUATE  CALORIES,  IT  WAS  FOUND  THAT  THE  CUMULATIVE 
NEGATIVE  WATER  BALANCE  WAS  ONLY  0*3  LITERS  DURING  THE  FIRST  4  DAYS  (8). 

Estimates  of  the  "caloric  value"  of  the  weight  loss  during  short-term 
(l  to  4  days)  studies  ARE  USUALLY  LOW  (‘2,5)  DUE  TO  the  high  proportion  of 

WATER  IN  THE  WEIGHT  LOST.  CURVES  OF  WEIGHT  LOSS  FURTHER  INDICATE  THAT  THE 
WEIGHT  LOSS  (and  WATER  LOSS)  IN  THE  FIRST  DAYS  OF  RESTRICTION  IS  NOT 
CONSTANT  AND  THIS  LEADS  TO  INCREASED  VARIABILITY  IN  THE  ESTIMATION  OF  THE 
CALORIC  DENSITY  OF  WEIGHT  CHANGES.  STUDIES  WHICH  ARE  CONDUCTED  OVER 
LONGER  PERIODS  OF  TIME  OBVIATE  AT  LEAST  ONE  OF  THESE  DIFFICULTIES,  I.E., 
AFTER  THE  FIRST  2  OR  3  DAYS  OF  RESTR I CT I  ON,  WE  I GHT  LOSS  CURVES  ARE  NEARLY 
LINEAR  (Fig.  1  )  ALTHOUGH  THE  PROPORTION  OF  FAT,  PROTEIN.,  AND  WATER  IN  THE 
WEIGHT  LOST  MAY  STILL  VARY  FROM  DAY  TO  DAY  (5).  DURING  LONG-TERM  STUDIES, 
THEREFORE,  THE  IMPACT  OF  THE  LARGE  WEIGHT  (WATER)  LOSSES  DURING  THE  FIRST 
DAYS  IS  MINIMIZED. 


Our  results  are  in  close  agreement  with  those  recently  reported  by 
Brozek,  et  al  (5),  using  less  direct  techniques.  In  2  studies  of  caloric 
restrict7on1580  kcal/day  and  1010  kcal/day)  and  with  their  subjects  per¬ 
forming  moderate  activity,  they  arrived  at  values  of  4.3  and  4-7  kcal/gm 

OF  WEIGHT  LOSS  OVER  A  12-DAY  PERIOD.  In  THE  PRESENT  STUDIES  THE  VALUES 
FOR  THE  CALORIC  DENSITY  OF  THE  WEIGHT  LOSS  WERE  3*9^  AND  ^*^6  KCAL/GM  OVER 
A  l4-DAY  PERIOD.  This  INDICATES  THAT  THE  COMPOSITION  of  THE  WEIGHT  LOSS 
IS  QUITE  SIMILAR  OVER  A  WIDE  RANGE  OF  RATES  AT  WHICH  WEIGHT  IS  LOST. 
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water  was:  39,  10,  and  51%  for  A;  39,  11,  and  49%  for  B.  Caloric  water  was:  39,  10,  and  51%  for  A;  39,  11,  and  49%  for  B.  Caloric 

density  was  3. 91  keal/gm  for  A  and  4. 06  keal/gm  for  B.  density  was  3.  91  kcal/gm  for  A  and  4.  06  keal/gm  for  B. 


